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ABSTRACT 



Multiple asynchronous signals are transmitted and re- 
ceived through a digital link. Each of a plurality of 
information signals is digitized at a digitizing rate de- 
rived from a component of the signal. For example, the 
color subcarrier of a television signal can be used to 
establish the digitizing rate for video and audio, signal 
portions. Each digitized signal is packetized for commu- 
nication at a transmission rate greater than and asyn- 
chronous with its digitizing rate. A variable time inter- 
val results between successive transmitted packets for 
each signal. The time interval between each successive 
packet for each signal is filled with a variable number of 
pad bits to provide a continuous data stream. The data 
streams for all of the signals are multiplexed to provide 
a combined data stream for transmission. Each packet 
for each of the signals contains a fixed number of data 
bits digitized over a fixed time interval related to the 
digitizing rate for the signal.. The transmitted combined 
data stream is received, and the receipt of successive 
packets is monitored for each signal to determine the 
fixed time interval for that signal. The digitizing rate for 
each signal is computed from its fixed time interval. The 
received data packets for each signal are then converted 
to an analog form at the signal's digitizing rate to recon- 
struct the original information signals. 

60 Claims, 4 Drawing Sheets 
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be derived from a subcarrier frequency thereof. For 

METHOD AND APPARATUS FOR example, the color subcarrier of a television signal is 

COMMUNICATING A PLURALITY OF nominally 3.579545 MHz. It is convenient to set the . 

ASYNCHRONOUS SIGNALS OVER A DIGITAL digitizing rate at a fixed multiple of this frequency. 

COMMUNICATION PATH 5 The continuous data stream is transmitted over a 

coaxial cable, optical fiber, or other broadcast medium. 
BACKGROUND OF THE INVENTION At a receive, the receipt of successive packets is moni- 

The present invention relates to digital comraunica- torcd to determine the time interval over which the 
tkm systems, and more particularly to a method and fixed number of data bits were digitized at the transmit- 
apparatus for receiving multiple asynchronous signals 10 ter. The digitizing rate (first rate) is then computed from 
through a digital link. this information, and used to reconstruct the original 

Digital signal transmission is used in a variety of information signal from the received data packets. In a 
applications. One application is the transmission of digi- preferred embodiment, the first rate used to digitize a 
tized television signals over a cable television network. television signal is computed at the receiver by dividing 
The transmission of digitized television signals is partic- 15 the fixed time interval for the received packets by the 
ularly applicable in an optical fiber cable television number of video date samples contained in each packet, 
distribution system. The fixed time interval is determined at the receiver by 

The replacement of coaxial cable with optical fiber detecting a header sent at the beginning of each data 
transmission lines in television distribution systems has packet and measuring the time between successive re- 
become a high priority. Production single mode fiber 20 ceived headers. 

can support virtually unlimited bandwidth and has low When the system of the present invention is used to 
attenuation. Accordingly, a fiber optic distribution sys- communicate a plurality of asynchronous signals, each 
tem or a fiber-coax cable hybrid would provide substan- ^g^] iS separately digitized at a unique rate, the digi- 
tiaUy increased performance at a competitive cost as tizcd are packetized, pad bits are inserted into 

compared to prior art coaxial cable systems. ™ the time interva i between successive transmitted pack- 

One problem m implementing an optical fiber distn- ets for ^ si ^ and the plural i ty of digitized, packe- 
bution system for cable television signals is to provide ^ ^ ^ m mu3t iplexed mt0 a single data stream 
an economic^ means for multiplexing a plurality of fof Emission. The combined data stream is received 
channel .signak for transmission Normally transmis- fCCci ^ dcmultiplcxcd t0 thc mdivid . 

sion of multiple signals m a time-domam multiplex sys- 30 ^ $ ^ ^ The rfccci of succcssivc 

tern requires that the digitizing rates for the incoming p £ ^ monitored to determine the 

signals not only be equal, but fixed in phase relationship r a ~ , a ?.uL 
from one signal to the next. For multiple source com feed time mteml forthat signal and t^ digitizing rate 
plex signals such as asynchronous video feeds (e.g., ' or 15 com P u ' ed therefrom The date packets 

television signals formatted, in accordance with the 35 f ° r cach <*™*} « . then converted to analog form at 
National Television Standards Committee "NTSC" the computed digitizing ^rate foi -the channe to recon- 
standards), this requires the use of a frame synchronizer st ™ ct thc ongmal plurality of channel signals, 
for each television channel signal. Each frame synchro- m a more embodiment, apparatus is provided 

nizer is locked to a master time base, that is directly for communicating signals over a digital communica- 
related to the transmission rate so as to prevent logic 40 tion path. An information signal is digitized at a first 
race conditions, signal skewing and other problems. ratc to P rov,dc dl « ltal data for Pressing into data 
Such a system of synchronizing all input signals is cum- packets. A periodic 4, begin" signal is provided that is 
bersome, equipment intensive, and expensive. synchronous with the first rate and indicative of the 

It would be advantageous to provide a system for occurrence of successive new date packets. Means are 
transmitting and receiving multiple asynchronous digi- 45 provided for outputting the date packets for transmis- 
tal signals that does not require the use of frame syn- sion at a second rate greater than and asynchronous 
chronizers for each channel. Such a system would save with the first rate, thereby producing a variable time 
cost, power, hardware requirements and result in re- interval between successive transmitted packets. Means 
duced system maintenance requirements. The present operatively associated with the outputting means and 
invention provides a system having these and other 50 responsive to the begin signal are provided, for filling 
advantages. the time intervals between successive packets with pad 

bits to provide a continuous data stream for transmis- 
SUMMARY OF INVENTION sion . 

In accordance with the present invention, a method A receiver for receiving the transmitted date packets 

and apparatus are provided for communicating signals 55 includes means responsive to the received data packets 

over a digital communication path. An information for generating a timing signal corresponding to the first 

signal, such as a television channel signal, is digitized at rate. Means responsive to the timing signal reconstruct 

a "first rate". The digitized signal is packetized for the information signal from the received data packets, 

transmission at a "second rate" greater than and asyn- In a preferred embodiment, the information signal is a 

cbronous with the first rate. As a result, a variable time 60 communication signal having at least one subcarrier. 

interval occurs between successive transmitted packets. The first rate is derived from the frequency of the sub- 

The time intervals are filled with a variable number of carrier. Where the information signal is a television 

pad bits to provide a continuous data stream for trans- signal, the first rate can be advantageously derived from 

mission. the color subcarrier frequency. 

Each packet contains a fixed number of data bits 65 Encoder (i.e., transmitter) apparatus in accordance 

digitized over a fixed time interval related to the first with the present invention can comprise buffer means 

rate at which the information signal is digitized. If the coupled to receive the digitized data at the first rate for 

information signal is a television signal, the first rate can storage. The packetizing means are coupled to receive 
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data from the buffer means at the second rate for pro* rate for a particular television channel is derived from 
cessing into data packets. The time interval into which and synchronous with the color subcarrier of the chan- 
pad bits are inserted corresponds to the difference in nel. Therefore, the time required to transmit and receive 
time it takes the buffer means to receive data at the first an envelope will be related to the subcarrier frequency, 
rate and the time it takes to output the data packets for 5 This relationship is utilized in the receiver to help con- 
transmission at the second rate. Processing of the data trol an output oscillator, which in turn controls recon- 
by the buffers and packetizing means can be in a parallel struction of the original channel signal, 
format. In this instance, the data is converted to a serial As noted, the length of each transmitted envelope is 
format for transmission. varied by using pad bits at the end of each data packet 
The buffer means can comprise a pair of complement 10 sequence. Because each packet on each channel may 
tary buffers with associated switch means. The switch vary in length, the signals may appear to "walk" past 
means couple one buffer of the pair to receive data from each other in time. A channel signal with a slightly high 
the digitizing means while the other buffer of the pair is subcarrier frequency will consistently need less time to 
coupled to output data to the packetizing means, and digitize the data for each fixed bit length packet, thus 
vice-versa. The switch means are responsive to the IS requiring a shorter time period and fewer pad bits be- 
begin signal for alternately coupling the buffers to re- tween successive packets. Conversely, a signal with a 
ceive data and output data in complement. slightly low subcarrier will take a longer time to digi- 
In an embodiment where the information signal is a tize, requiring the associated packetizer to wait longer 
television signal, the digitizing means can comprise a for the digitized data for each packet. As a result, more 
first analog to digital converter for digitizing a video 20 pad bits will be utilized between successive packets, 
portion of the television signal at the first rate. A second The ability of the present system to vary the number of 
analog to digital converter is provided for digitizing an pad bits between successive packets, and to determine 
audio portion of the television signal at a digitizing rate the time interval of each fixed bit length packet at the 
that is synchronous with the first rate. Means can also receiver, enables the communication of a plurality of 
be provided for inputting auxiliary data to the packetiz- 25 asynchronous signals simultaneously, 
ing means for incorporation into the data packets. In a FIG. 1 is an overall block diagram of a cable televi- 
cable television system, such auxiliary data can include, sion communication system in accordance with the 
for example, control information for pay-per-view pro* present invention. It should be appreciated that a cable 
cessors, cable converter addressing information, tele- television system is illustrated only as an example, and 
text information, or any similar type of data. 30 that the invention is applicable to a wide variety of 

other communication systems. Transmitter components 
generally designated 10 include a plurality of video 

FIG. 1 is block diagram illustrating a communication modem encoders 14a-14£. Each encoder receives a 

system in accordance with the present invention; cable television channel signal including video informa- 

FIG. 2 is a detailed block diagram of an encoder for 35 tion, Broadcast Television Standards Committee 

use in the system of the present invention; ("BTSC") audio information, and auxiliary data. Each 

FIG. 2a is a key to the clock lines depicted in FIGS. encoder digitizes and packetizes its respective television 

2 and 3; channel signal and outputs a serial data stream to a 

FIG. 3 is a block diagram of decoder apparatus for transmission multiplexer 16 that combines the digital 

use in connection with the system of the present inven* 40 signals from all the encoders into a single data stream 

tion; for transmission. Conventional time division multiplex- 

FIG. 4 is a timing diagram illustrating the formation ing ("TDM") or other known techniques can be used by 

of a data stream for transmission in accordance with the multiplexer 16 to combine the signals. The multiplexed 

present invention; and data stream is transmitted via a digital data link 18, such 

FIG. 5 is a diagram illustrating the timing relationship 45 as an optical fiber communication path. As will be ap- 

between incoming data and transmitted data with pad preciated by those skilled in the art, in order to transmit 

bits. the data over an optical path, it must be applied to a 

modulator which modulates an. optical carrier laser 
beam or other light source that will carry the signal 

50 over the fiber. 

Unlike prior art systems, the system of the present Transmit multiplexer 16 contains a highly accurate 

invention does not require the use of a separate frame oscillator that controls the output of data for transmis- 

synchronizer for each channel of digital data to be sion. When time division multiplexing is used, each of 

transmitted in a multiplexed data stream. In order to the video modem encoders 14<z-14g is given a "slot" in 

achieve this objective, each input signal in accordance 55 the TDM data stream. This allows each encoder to 

with the present invention is digitized at a first rate, and have a fixed serial data rate. The encoders insert all 

converted to a serial digital stream having a fixed num- necessary overhead information into the data stream 

ber of samples. This fixed set of samples is carried in an prior to passing it to the transmission system. The se- 

envelope on a digital carrier. The envelope comprises a quence of the TDM data is fixed, and therefore once the 

packet plus a group of pad bits. Since the number of pad 60 data from any one encoder is located, it is known which 

bits varies depending on the time between successive data corresponds to each other encoder, 

data packets, the envelope can vary in size, thereby FIG. 1 also illustrates receiver components generally 

taking a varying length of time to receive. The size of designated 12. The multiplexed data stream from digital 

the envelope is determined by how fast the incoming data link 18 is received at a receiver demultiplexer 20, 

data is being digitized with respect to a faster rate at 65 where it is broken down into the individual data signals 

which it is being transmitted. originally output from each video modem encoder. The 

When the system of the present invention is used to received data for each channel is input to a respective 

transmit television signals, the input signal digitizing video modem decoder 22a-22g. Each decoder separates 
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its received signal into the individual video, BTSC au- being read via switch 54 at a second rate that is asyn- 
dio, and auxiliary data from each packet The retrieved chronous with and greater than the VDC rate. In par- 
data is then converted back to an analog form at a digi- ticular, buffer 52 is read at a low output clock rate 
tal to analog conversion rate equal to the rate at which ("byte clock*') designated by a dashed signal path as 
the date was originally digitized by the encoder. The 5 indicated at 92 in FIG. 2a The byte clock is related to 
rate for each channel is calculated from the time inter- a high output clock rate ("bit clock' 1 ) at which the final 
val between successive packets for the channel, as de- serial data stream is transmitted from the encoder. The 
scribed in greater detail below. The reconstructed ana- high output clock rate is indicated by a dashed and 
log data is output from the video modem decoders for dotted line as shown at 94 of FIG. 2a In the example 
reproduction by a television receiver. 10 shown in FIG. 2, the low output clock rate at which 

FIG. 2 is a block diagram of a video modem encoder data is read from the buffers is one-ninth the rate of the 
for a single television channel. The video portion of an high output clock corresponding to the 9 bit byte length 
incoming channel signal 30 is input to a color subcarrier of the parallel data. 

frequency ("f c ") detection circuit 32. The detected sub- After a 1365 byte sample of video has been read into 
carrier frequency is output to clock circuitry 34 that 15 buffer 50, buffers 50, 52 are interchanged by switches 
generates a master clock signal as a function of the 48, 54 in response to the buffer toggle signal output 
subcarrier frequency. As an example, NTSC broadcast from flip-flop 44. The data for the next packet is then 
standards provide for a color subcarrier frequency of read into buffer 52 at the VDC rate, while the previ- 
3.579545 MHz± 10 Hz. In an illustrative embodiment, ously loaded packet data is output from buffer 50 at the 
clock circuitry 34 can multiply the color subcarrier 20 byte clock rate. 

(e.g., 3.579545 MHz) by six to derive a master clock Audio information is processed similarly. The audio 
frequency of 21.47727 MHz. This master clock is then portion $0 of the television signal is input to an analog 
used to generate a video digitizing clock ("VDC") 36 to digital converter 62 that digitizes the information at 
and an audio digitizing clock ("ADC") 38. For exam- the audio digitizing rate. The digitized data is output as 
pie, the VDC might be one-half the master clock fre- 25 9 bit bytes from A/D converter 62 to complementary 
quency (i.e., 10.738635 MHz) and the ADC one-sixth buffers 66, 68 via switch 64. While buffer 66 is being 
the master clock frequency (i.e., the color subcarrier loaded at the audio digitizing clock rate, buffer 68 is 
frequency of 3.579545 MHz). Those skilled in the art being unloaded at the faster byte clock rate via switch 
will appreciate that the numbers provided are only 70. After a full packet of audio data has been loaded into 
examples, and other frequencies can be used depending 30 buffer 66 (455 bytes), the toggle signal from flip-flop 44 
on the system requirements. will arrive at switches 64, 70 and the buffers will be 

In the illustrative embodiment of FIG. 2, the circuitry interchanged. Buffer 68 is then loaded with data at the 
will provide data packets containing a set of data com- ADC rate while buffer 66 is unloaded at the byte clock 
pletely describing two lines, of video, the equivalent rate. 

time in audio, and any associated control and/or auxil- 35 The video and. audio data from the buffers is un- 
iary data. Each data packet will contain 9-bit bytes of loaded into a packetizer 80, together with header and 
information as follows: channel identification data from circuitry 74. A video 

5 video header bytes header and an audio header are provided within each 

1 video identification byte including channel number packet. The video header identifies the commencement 
information 40 of each new packet. Both the video and audio headers 

1365 video bytes can contain a byte count for use by the receiver in re- 

2 checksum bytes covering the data, as well as information identifying 
5 audio header bytes both the video data (for input to video buffers at the 

1 audio identification byte receiver) and the audio data (for input to audio buffers 
455 audio bytes 45 at the receiver). Header and data channel circuitry 74 

2 checksum bytes also provides checksum data for incorporation into the 
The resultant packet will contain a total of 1836 bytes packets for use in verifying the integrity of data trans- 
fer transmission. As will be clear from the following mission. 

description, the encoder produces a packetized parallel Auxiliary data from optional auxiliary data channel 
digital stream 9 bits wide, that is converted to a serial 50 circuitry 72 can also be input to packetizer 80. This 
format for transmission. circuitry will include an analog to digital converter for 

A "BEGIN" signal pulse 42 is provided at the begin- receiving incoming auxiliary data together with 
ning of each packet. This is accomplished by dividing switches and buffers that operate in the same manner as 
the master clock frequency by 1365 at divider 40, the those components in the video and audio data paths, 
divisor being the number of video samples contained in 55 Packetizer 80 assembles the incoming video data, 
each packet. The output of divider 40 is also input to a audio data, and auxiliary data (if present) with the 
T-type flip-flop that provides a switching signal for . header and channel data to provide fixed length packets 
toggling complementary buffers 50, 52 and 60, 68 as having a fixed interval derived from the frequency of 
described in detail below. master clock circuitry 34. In the example illustrated in 

The video portion 30 of the television signal is also 60 FIG. 2, the interval is the amount of time it takes 1365 
coupled to an analog to digital converter 46 that digi- video samples to be digitized. The audio data sampling 
tizes the video information at the video digitizing clock rate is set so that 455 bytes of audio information are 
rate. A/D converter 46 outputs a 9 bit parallel data digitized in the same amount of time it takes to digitize 
signal to switch 48, that is toggled by the signal output the 1365 video samples. Similar criteria are used in the 
from flip-flop 44 once every 1 365 video samples. Switch 65 event auxiliary data is provided via circuitry 72. 
48 alternately loads buffer 50 and buffer 52 with the In assembling packets, packetizer 80 reads the incom- 
next successive 1365 bytes of video information. While ing data and adds header, control and checksum infor- 
buffer 50 is being loaded at the VDC rate, buffer 52 is mation to provide the packet format set forth above. As 
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noted above, the final packet contains 1836 bytes of in response to the BEGIN pulse at time ®. The loading 
data. The operation of packetizer 80 is controlled by the of the.pad bits occurs in response to the LSAM signal 
byte clock signal produced by dividing the bit clock by being received by packet control circuitry 84 as ex- 
nine at divider 88. The data packets are output to a plained above. 

parallel to serial convener 86 that operates at the bit 5 When the last sample 160' of a packet has been read 
clock rate to provide a serial data stream for transmis- into the video buffer, a BEGIN pulse occurs at time ®. 
sion. At the same time, buffer toggle signal 150 (from flip- 
Packet control circuitry 84 enables the transmission flop 44) causes the buffers to flip, and the appropriate 
of a continuous data stream. As noted above, the packe- address registers and data paths in the system encoder 
tiier outputs data at a rate that is asynchronous with and 10 to be switched. At this point, the first ready byte of the 
greater than the rate at which data is loaded by the A/D next packet (a header byte) is presented at time (s) to 
converters 46, 62 into their respective buffers. Accord* the packetizer and the NEXT signal is asserted at time 
ingly, there will be a varying time interval between the ® . The data for the next packet is then packetized and 
time that a bufTer is emptied and a complementary inserted into the output data stream, 
buffer has been filled. This variable time interval is filled 15 When parallel to serial converter 86 is shifting out 
with pad bits (e.g., zeroes) in response to a "LOAD" pad bits, packet control 84 is constantly monitoring the 
signal output from a packet control circuit 84. In panic- BEGIN Une. When the BEGIN line is asserted, packe- 
ular, the "BEGIN" signal 42 that indicates the com- tizer 80 latches the ready data and begins outputting the 
mencement of each new packet is input to packet con- normal nine bit sequence. At no time are bits truncated, 
trol 84. Upon receipt of this signal, packet control 84 20 When the first byte is latched, the action of the rising 
actuates parallel to serial converter 86 to start shifting edge of the NEXT line (latching the data) also signals 
the next packet of data from packetizer 80 for conver- the packetizer to drop the LSAM line at time (f). 
sion to a serial format. While this is occurring, packe- The timing sequence illustrated in FIG. 4 causes the 
tizer 80 counts the number of bytes it outputs. After 1836 byte "payload" to shift in time inside an envelope, 
every 1836 bytes (the length of a packet) a last sample 25 When slippage becomes greater than one bit time, that 
("LSAM") signal is output from a divider 82 to packet bit is automatically dropped from the stream by filling 
control 84, which immediately instructs parallel to se- the interval between successive packets with one less 
rial converter 86 to stop shifting new data and to com- pad bit. It is this slippage that allows the system to 
mence the loading of pad bits into the output data operate with different subcarrier frequencies, and there- 
stream. 30 fore different digitizing rates for each channel. When 
The pad bits are generated by connecting the output the color subcarrier f c is exactly 3579545 Hz, the acqui- 
line to ground via path 96. Parallel to serial converter 86 sition of 1365 samples at a video digitizing rate of 3*f c 
continues to fill the data stream with pad bits until it takes 127.1111273 jis. For purposes of the following 
receives a "SHIFT" signal from packet control 84. This illustration, it is assumed that the transmission of data 
occurs when the packet control circuitry receives the 35 for a first packet starts at exactly the same instant as the 
next BEGIN signal, indicating the commencement of acquisition of video samples for the following packet 
the next successive packet. Sending 1836 samples from the first packet takes 
FIG. 4 illustrates the timing of the various signals 127.0710373 us when the transmission bit rate is 
within the system encoder of FIG. 2. Bytes 140 at the 14.44861 1 1 megabits per second. This rate occurs, for 
top of the serial stream 142 indicate those coming from 40 example, when the transmission frequency of the multi- 
the buffers. Output data stream 142 illustrates the end plexed serial data (16 channels) is 2.0806 GHz and the 
portion of a first daia packet and the beginning portion byte clock is one-ninth of the bit clock. (2,0806 
of the next data packet. The data packets are separated GHz ---16-5-9= 14.44861 1 1 megabits/sec.) When six pad 
by pad bits (zeros) as indicated at 143, at which point bits are added at 7.6900894 nS each, the transmission 
the incoming bytes 140 can be seen to be asymmetric in 45 time is now 127.1171777 p,s. In other words, the start of 
time. The video samples being read into the buffers transmission for the next data packet actually starts 
from A/D converter 46 are designated by reference 6.050485 nS (127.1171777 jis-127.1111273 jis) after the 
numerals 160 at the bottom of the timing diagram. start of acquiring the video samples for the following 
These samples are always symmetric in time. packet. Since this is less than the amount of time it takes 
The sequence between successive data packets begins 50 to transmit one pad bit, no additional pad bits can be 
when a "NEXT" signal 144 falls, indicating that the added at this point If five pad bits are added to the end 
packetizer is ready to receive data. The NEXT signal, of the second data packet, the transmission of the third 
generated in the packetizer from the byte clock, is func- data packet is pushed to 4.4108806 nS (254.2266654 
tionally the same as the byte clock signal at all times fis-254.2222545 /is) after the start of video acquisition 
except between successive packets. Between packets, 55 for the fourth data packet. This action will continue 
the NEXT signal is delayed until receipt of a BEGIN until the start of the transmission sequence is delayed 
signal, so that there will not be a collision of packet data such that at the end of the transmission sequence, one 
with pad bits. The delay of the NEXT signal between bit is lost because the output bytes have shifted forward 
successive packets is caused by the LSAM signal 146. enough in time to lose that bit when a BEGIN signal 
As can be seen in FIG. 4, the NEXT signal normally 60 occurs. This result is illustrated in FIG. 5. 
goes high after the ninth bit of each byte in the output The solid time blocks 162 depicted in FIG. 5 repre- 
data stream. This pattern continues for the last sample, sent the constant rate time requirement for digitizing 
at time (j), as indicated by the rising edge of the LSAM 1365 bytes of video, at 127.1111273 >ts per set. The 
signal at time (T) . Normally, the NEXT signal would dashed time blocks 164 represent the time required to 
rise again at time (5), except that the continued high 65 send 1836 bytes of data at the output rate, 127.0710373 
state of the LSAM signal precludes this from occurring. p,s. The timing variations discussed above cause a vary- 
This enables the pad bits 143 to be inserted between ing number of pad bits to be required between succes- 
time © and time ® , when the NEXT signal rises again sive packets, as indicated at 166, 168, and 170, with a 
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pad bit lost due to slippage at 170. In order to implement 
the pad bit insertion process, the logic must ensure that 
the time difference between the start of video acquisi- 
tion and the beginning of the packet transmission is 
never negative, and will always be less than two bit 5 
times. This time period will normally be less than one 
bit time. There may be a logic race condition if the start 
of video acquisition occurs coincidentally with the pad 
bit transition. In this event, transmission must absolutely 
start on the next output bit transition. 10 

When the color subcarrier f c is on the high side, the 
input samples will be grouped slightly closer since in- 
creasing f c decreases the data acquisition period. Rela- 
tive to the previous sample, the BEGIN signal will 
come sooner, decreasing the number of pad bits. Con- 15 
versely, at a lower than normal f ft the number of pad 
bits will be increased. 

The operation of a decoder for receiving one channel 
of the transmitted serial data is depicted in the block 
diagram of FIG. 3. The bit clock and serial data stream 20 
are input to a frame detect circuit 100 and a serial to 
parallel converter 110. Frame detect 100 extracts the 
master clock frequency from the bit clock (e.g., NRZ 
data) and monitors the serial data for the first header 
prior to video information. The first header indicates 
the occurrence of a new packet, and upon detection 
thereof, frame detect circuitry 100 generates a BEGIN 
pulse for output to a T-type flip-flop 102 and control 
logic circuitry 112. The output of flip-flop 102 is input 3Q 
to a phase lock loop 104 that recovers the video digitiz- 
ing clock 106 and audio digitizing clock 108. These 
signals arc used to drive digital to analog converters 
124, 134, respectively, for recovery of the analog video 
and audio information. 35 

Control logic 112 controls data switch 114, video 
switch 116, audio switch 126, and (if provided) auxiliary 
data switch 138 of optional auxiliary data channel 136 to 
recover the video, audio, and auxiliary data from the 
received data packets. Serial to parallel converter 110 is ^ 
latched by control logic 112 to recreate the 9 bit data 
bytes. Control logic 112 maintains a bit count for each 
received bit, and couples the data via switch 114 to 
video switch 116 when video data bytes are present, to 
audio switch 126 when audio data bytes are present, and 45 
to auxiliary data switch 138 when auxiliary data is pres- 
ent Switch 114 is open during the occurrence of header 
bytes, ID bytes, checksum bytes, and pad bits as this 
data is not required by the video, audio, and auxiliary 
data buffers. 50 

When video data is present in the output stream from 
serial to parallel converter 110, it is loaded via switch 
116 into buffer 118 or buffer 120 at the byte clock rate. 
As one of buffers 118, 120 is being loaded with data 
from a current packet, the video data from the prior 55 
packet is being read into D/A converter 124 at the 
VDC rate via switch 122. Similarly, when audio data is 
present in the output stream from converter 110, it is 
loaded into buffer 128 or buffer 130 at the byte clock 
rate via switch 126. While one of buffers 128, 130 is 60 
being loaded with data from a current packet, audio 
data from the prior packet is being read into D/A con- 
verter 134 at the ADC rate via switch 132. A similar 
operation occurs with respect to auxiliary data, if pro- 
vided. The complementary buffers of each pair are 65 
interchanged by a signal from control logic 112 that is 
responsive to each BEGIN signal from frame detect 
100. 
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In addition to recovering the video, audio and auxil- 
iary information, one of the video modem decoders 
22a-22# (FIG. 1) in a multiplexed system must decode 
enough information from one of the channel data 
streams to confirm that the correct channel number is 
being relayed through the system. If the data stream 
indicates an incorrect channel number (misregistration), 
the video modem decoder issues a signal that causes the 
registration of the received data streams to be 
"bumped*' by one, until proper registration has been 
achieved. Once this occurs, each video modem decoder 
receives a serial data stream for its intended channel, 
and decodes the stream to recover the channel informa- 
tion signal. After the serial data stream containing the 
plurality of asynchronous channel signals has been de- 
multiplexed, there is no further interaction between the 
multiple video modem decoders. 

It should now be appreciated that the present inven- 
tion provides a method and apparatus for communicat- 
ing multiple asynchronous signals through a digital link. 
The system operation is dependent upon the provision 
of data packets having a fixed time interval for a given 
number of data samples. By detecting this interval at the 
receiver, and dividing by the number of samples, the 
digitizing rate for the received signal can be computed 
and used to recreate the original information. The inser- 
tion of a variable number of pad bits between successive 
packets enables the transmission of the data at a rate 
which is greater than and asynchronous with the digi- 
tizing rate. The transmission rate for each of the chan- 
nels is the same, so that all of the channel data can be 
multiplexed into a continuous data stream for transmis- 
sion. 

Although the invention has been described in connec- 
tion with a preferred embodiment, those skilled in the 
art will appreciate that numerous modifications and 
adaptations may be made thereto, without departing 
from the spirit and scope of the invention as set forth in 
the following claims. 

What is claimed is: 

1. Apparatus for communicating signals over a digital 
communication path comprising; 

means for digitizing an information signal at a first 
rate to provide digital data for processing into data 
packets; 

means for providing a periodic begin signal synchro- 
nous with said first rate and indicative of the occur- 
rence of successive new data packets; 

means for outputting said data packets for transmis- 
sion at a second rate greater than and asynchronous 
with said first rate, thereby producing a variable 
time interval between successive transmitted pack- 
ets; and 

means, operatively associated with said outputting 
means and responsive to said begin signal, for fill- 
ing the time intervals between successive packets 
with pad bits to provide a continuous data stream 
for transmission. 

2. Apparatus in accordance with claim 1 further com- 
prising: 

receiver means for receiving the transmitted data 
packets; 

means responsive to the received data packets for 
generating a timing signal corresponding to said 
first rate; and 

means responsive to the timing signal for reconstruct- 
ing said information signal from the received data 
packets. 
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3. Apparatus in accordance with claim 1 wherein: a pair of complementary buffers; and 

said information signal is a communication signal switch means for coupling one buffer of said pair to 

having at least one subcarrier; and receive data from the digitizing means while the 

said first rate is derived from the frequency of said other buffer of said pair is coupled to output data to 

subcarrier. 5 said packetizing means, and vice-versa. 

4. Apparatus in accordance with claim 1 wherein: n. Apparatus in accordance with claim 10 wherein 
said information signal is a television signal; and said switch means are responsive to said begin signal for 
said first rate is derived from the color subcarrier alternately coupling said buffers to receive data and 

frequency of the television signal. output data in complement. 

5. Apparatus in accordance with claim 1 further com- 10 i 2 . Apparatus in accordance with claim 8 wherein 
prising: ^4 information signal is a television signal and said first 

means for processing a plurality of channels of asyn- ratc is derivcd from a subca rrier frequency thereof, 

chronous mformatipn signals in the same manner as 13. Apparatus in accordance with claim 8 wherein 

said information signal; and said information signal is a television signal and said 

means for combining said plurality of information 15 ^g^ g means comprise: 

signals to provide a multiplexed data stream for a first ^ t0 digital for digitizing a 

transmission at a rate that is synchronous with said video portion of said television signal at said first 

second rate. ratc , ^ 

6. Apparatus in accordance with claim 5 further com- a ^ analog t0 digW convcrtcr for m 

P mg; — * ,1. i,< 1 j j i audio portion of said television signal at a digitizing 

multiplcXcd data rate that is synchronous with said first rate 

means for demultiplexing the received data stream to .^Apparatus in accordance with claim 13 wherein 

recover the data packets for each channel; «ud buffer means comprise: 

means responsive to the recovered data packets for 25 a ^ pair of complemenUry buffers associated with 

each channel for generating an associated timing * said f^st analog to digital converter; 

signal that corresponds to the first rate used to first swltch m ?* ns f ° r ™P*ng one buffer of said first - 

digitize the data foY that particular channel; and *™ J? rccave ^ data wmle ^J*"* buf!cr ?J 

means responsive to the timing signal for each chan- said first pair is coupled to output video data to said 

nel for reconstructing the original information sig- 30 packetizing means, and vice-versa; 

nals represented by the recovered data packets. a 3000116 ? m of complementary buffers associated 

7. Apparatus in accordance with claim 5 wherein: with said « econd "^OB to digital converter; and • 
said information signals are television signals; and sccond switch mcans for coupling one buffer of said 
the first rate for each information signal is derived V m to reccivc audio data wfaile other 

from its color subcarrier frequency. 35 buffcr of said *cc° nd P 5 " 1 " » coupled to output 

8. Apparatus for communicating a plurality of asyn- audio data t0 »"* packetizing means, and vice- 
chronous signals over a digital transmission path com- versa, 

prising: 15 * Apparatus in accordance with claim 14 wherein 

means for digitizing an information signal at a first Mid fmt and second switch means are responsive to said 

rate to provide digital data; 40 **ffn signal for switching said buffers. 

buffer means coupled to receive said data at said first 16 Apparatus in accordance with claim 8 further 

rate for storage; comprising: 

packetizing means coupled to receive said data from mean . s for inputting packet header data to said packe- 
said buffer means at a second rate greater than said tizing means for incorporation, into said data pack- 
first rate for processing into data packets; 45 ets * 

means for providing a periodic begin signal that is Apparatus in accordance with claim 16 wherein 
synchronous with said first rate and indicative of said packetizing means is responsive to said begin signal 

the occurrence of successive data packets; for incorporating header data into said packets. 

means for outputting said data packets for transmis- Apparatus in accordance with claim 16 further 

sion at said second rate with a time interval be- 50 comprising: 

tween successive packets resulting from the differ- means for inputting auxiliary data to said packetizing 

ence in time it takes the buffer means to receive means for incorporation into said data packets, 

data at said first rate and the outputting means to * 9 Apparatus in accordance with claim 8 further 

output data at said second rate; and comprising: 

means, operatively associated with said outputting 55 means for processing a plurality of channels of asyn- 

means and responsive to said begin signal, for fill- chronous information signals in the same manner as 

ing the time intervals between successive packets said information signal; and 

with pad bits to provide a continuous data stream means for combining said plurality of information 

for transmission. signals to provide a multiplexed data stream for 

9. Apparatus in accordance with claim 8 wherein: 60 transmission at a rate that is synchronous with said 
said digitizing means provide parallel data for input second rate. 

to said buffer means and processing by said packe- 20. Apparatus in accordance with claim 19 wherein 

tizing means; and said information signals are television channel signals, 

said outputting means convert parallel data from said 21. Apparatus in accordance with claim 20 wherein 

packetizing means to a serial output stream for 65 each television signal is digitized at a corresponding 

transmission. first rate derived from its color subcarrier frequency. 

10. Apparatus in accordance with claim 8 wherein 22. Apparatus in accordance with claim 20 wherein 
said buffer means comprise: said digitizing means comprise: 
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first analog to digital converter means for digitizing a 
video portion of each television channel signal at a 
respective first rate for the signal; and 

second analog to digital converter means for digitiz- 
ing an audio portion of each television channel 5 
signal at a digitizing rate that is synchronous with 
the respective first rate for the signal. 

23. Apparatus in accordance with claim 22 wherein 
said buffer means comprise: 

a first pair of complementary buffers associated with 10 
the first analog to digital converter means for each 
channel signal; 

first switch means associated with the first pair of 
buffers for each channel signal for coupling one 
buffer of each first pair to receive video data while 15 
the other buffer of each first pair is coupled to 
output video data to said packetizing means, and 
vice- versa; 

a second pair of complementary buffers associated 
with the second analog to digital converter means 
for each channel signal; and 

second switch means associated with the second pair 
of buffers for each channel signal for coupling one 
buffer of each second pair to receive audio data 
while the other buffer of each second pair is* cou- 
pled to output audio data to said packetizing 
means, and vice-versa. 

24. Apparatus in accordance with claim 23 wherein 
said first and second switch means for each channel 
signal are responsive to that channel signal's begin sig- 
nal to switch the associated buffers. 

25. Apparatus in accordance with claim 19 further 
comprising: 

receiver means for receiving a plurality of channels of ^ 
transmitted data packets contained in said multi- 
plexed data stream; 

means for demultiplexing said data stream to recover 
the data packets for each channel; 

means, responsive to an interval in which the recov- 
ered data packets for each channel are received, for 
generating a timing signal for each channel corre- 
sponding to the first rate used to digitize the data 
for that particular channel; and 

means responsive to said timing signals for recon- 45 
structing the original information signals repre- 
sented by the recovered data packets. 

26. Apparatus in accordance with claim 25 wherein: 
said information signals are television signals; and 

the first rate for each information signal is derived 50 
from its color subcarrier frequency. 

27. Apparatus in accordance with claim 8 further 
comprising: 

receiver means for receiving the transmitted data 
packets; 55 

means, responsive to an interval in which successive 
data packets are received, for generating a timing 
signal corresponding to said first rate; and 

means responsive to the timing signal for reconstruct- 
. ing said information signal from the received data 60 
packets. 

28. Apparatus in accordance with claim 27 wherein: 
said information signal is a television signal; and 
said first rate is derived from the color subcarrier 

frequency of the television signal. 

29. Apparatus in accordance with claim 8 wherein 
said information signal contains a plurality of signals 
which are separately digitized for input to said buffer 
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means at rates that are synchronous with said first rate 
and less than said second rate. 

30. Apparatus in accordance with claim 29 wherein: 
said information signal is a television signal; and 
said plurality of signals include a video signal and an 

audio signal. 

31. Apparatus in accordance with claim 30 further 
comprising: 

means for inputting header data to said packetizing 
means for incorporation into said data packets. 

32. Apparatus in accordance with claim 31 further 
comprising: 

means for inputting auxiliary data to said packetizing 
means for incorporation into said data packets. 

33. Apparatus in accordance with claim 8 further 
comprising: 

means for inputting header data to said packetizing 
means for incorporation into said data packets. 

34. Apparatus in accordance with claim 33 further 
comprising: 

means for inputting auxiliary data to said packetizing 
means for incorporation into said data packets. 

35. A data receiver for processing data packets from 
a digital communication path comprising: 

means for receiving serially transmitted data packets 
at a serial transmission rate, said data packets con- 
taining data representing a digitized information 
signal; 

means, responsive to an interval in which successive 
data packets are received, for -generating a timing 
signal corresponding to a digitizing rate at which 
said information signal was digitized; and 

means responsive to said timing signal for recon- 
structing said information signal from the received 
data packets. 

36. A data receiver in accordance with claim 35 
wherein; 

said data packets contain a fixed number of samples of 
a predetermined type; and 

said timing signal is generated by dividing said inter- 
val by said fixed number. 

37* A data receiver in accordance with claim 36 
wherein: 

said information signal is a television signal and said 
samples are video data samples. 

38. A data receiver in accordance with claim 36 fur- 
ther comprising: 

means for detecting a header in each received data 
packet; and 

means responsive to said detecting means for deter- 
mining said interval. 

39. A data receiver in accordance with claim 35 fur- 
ther comprising; 

buffer means for receiving data from said packets at a 
first rate that is synchronous with said serial trans- 
mission rate; and 

means responsive to said timing signal for reading 
said data out of said buffer means at a second rate 
that is synchronous with said digitizing rate; 

wherein the data read out of said buffer is input to 
said reconstructing means for reconstruction of 
said information signal. 

40. A data receiver in accordance with claim 39 
wherein said first rate is greater than said second rate. 

41. A data receiver in accordance with claim 40 
wherein said buffer means comprise: 

a pair of complementary buffers; and 
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switch means for coupling one buffer of said pair to 
receive data from said packets at said first rate 
while the other buffer of said pair is coupled to 
output data to said reconstructing means, and vice- 
versa. 

42. A data receiver in accordance with claim 41 
wherein said switch means are responsive to actuation 
signals derived from received data packets. 

43. A data receiver in accordance with claim 42 
wherein: 

said information signal is a television signal having 
video and audio portions; and 

said buffer means comprise a separate pair of comple- 
mentary buffers and associated switch means for 
each of said video and audio portions. 

44. A data receiver in accordance with claim 43 fur-* 
ther comprising: 

an additional pair of complementary buffers and asso- 
ciated switch means for processing auxiliary data 20 
contained in said data packets. 

45. A data receiver in accordance with claim 35 
wherein: 

said receiving means receive data packets from a 
plurality of channels carrying different asynchro- 
nous digitized information signals; 

said generating means generate timing signals for 
each channel corresponding to the digitizing rate at 
which the information signal carried by the chan- 
nel was digitized; and 

said reconstructing means reconstruct the informa- 
tion signals for each c.hanncl in response to the 
timing signal for that channel. 

46. A data receiver in accordance with claim 45 
wherein said channels are television signal channels. 

47. A data receiver in accordance with claim 46 fur- 
ther comprising: 

means for coupling said receiving means to a cable 
television network for receipt of said channels. 

48. A data receiver in accordance with claim 46 
wherein: 

said data packets contain a fixed number of samples of 
a predetermined type; and 

said timing signal is generated by dividing said inter- 
val by said fixed number. 

49. A data receiver in accordance with claim 48 
wherein said samples are video data samples. 

50. A data receiver in accordance with claim 49 
wherein said information signal digitizing rates are de- 
rived from the color subcarrier frequency of the respec- 
tive television signal. 

51. A method for communicating signals over a digi- 
tal communication path comprising the steps of: 

digitizing an information signal at a first rate; 

packetizing said digitized signal for transmission at a 
second rate greater than and asynchronous with 
said first rate, wherein a variable time interval re- 
sults between successive transmitted packets; and 

filling the time interval between each successive 60 
packet with pad bits to provide a continuous data 
stream for transmission. 
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52. A method in accordance with claim 51 wherein 
each packet contains a fixed number of data bits digi- 
tized over a fixed time interval related to said first rate. 

53. A method in accordance with claim 52 wherein: 
said information signal is a television signal; and 
said first rate is derived from a subcarrier frequency 

of said television signal. 

54. A method in accordance with claim 52 compris- 
ing the further steps of: 

receiving said continuous data stream after transmis- 
sion; 

monitoring the receipt of successive packets to deter- 
mine said fixed time interval; 
computing said first rate from said fixed time interval; 
and 

converting said data packets to an analog signal at the 
computed first rate to reconstruct said information 
signal. 

55. A method in accordance with claim 54 wherein 
said information signal is a television signal having a 
video portion and an audio portion. 

56. A method in accordance with claim 55 wherein 
said first rate is computed at the receiving end of said 
transmission by dividing said fixed time interval by a 
number of video data samples contained in a packet. 

57. A method in accordance with claim 56 wherein 
said first rate is derived from a subcarrier frequency of 
the television signal. 

58. A method for communicating a plurality of asyn- 
30 chronous communication signals over a digital commu- 
nication path comprising the steps of: 

digitizing each of a plurality of information signals at 
a digitizing rate derived from a component of the 
signal; 

packetizing each digitized signal for communication 
at a transmission rate greater than and asynchro- 
nous with its digitizing rate, wherein a variable 
time interval results between successive transmit- 
ted packets for each signal; 
filling the time interval between each successive 
packet for each signal with pad bits to provide a 
continuous data stream; and 
multiplexing the data streams for all of said signals to 
provide a combined data stream for transmission. 

59. A method in accordance with claim 58 wherein 
each packet for each of said signals contains a fixed 
number of data bits digitized over a fixed time interval 
related to the digitizing rate for the signal. 

60. A method in accordance with claim 59 compris- 
50 ing the further steps of: 

receiving said combined data stream after transmis- 
sion; 

monitoring the receipt of successive packets for each 
signal to determine the fixed time interval for the 
signal; 

computing the digitizing rate for each signal from its 

fixed time interval; and 
converting the data packets for each signal to an 
analog form at the computed digitizing rate for the 
signal to reconstruct said plurality of information 
signals. 

* * # * * 
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